Abstract. This paper proposes a hardware architecture based on the object detection system of Viola and Jones using Haar-like features. The proposed design is able to discover faces in real-time with high accuracy. Speed-up is achieved by exploiting the parallelism in the design, where multiple classifier cores can be added. To maintain a flexible design, classifier cores can be assigned to different images. Moreover using different training data, every core is able to detect a different object type. As development platform, the Zynq-7000 SoC from Xilinx is used, which features an ARM Cortex-A9 dual-core CPU and a programmable logic (FPGA). The current implementation focuses on the face detection and achieves a real-time detection at the rate of 16.53 FPS on image resolution of 640 × 480 pixels, which represents a speed-up of 6.46 times compared to the equivalent OpenCV software solution.
Introduction
Several applications in different domains require a reliable fast detection system, where the location and scale of faces in the image are extracted. Face detection is widely used as a first stage for applications, such as face recognition, video surveillance, eyes detection to measure the driver drowsiness in modern cars or in advertisement industry to collect information like gender and age range for targeted advertisements. Face detection is a fundamental technique that enables a natural human-computer interaction (HCI). There were several approaches based on different feature sets and methods that have dealt with face detection. Many of them were too complex and time consuming, since the difficulty associated with the face detection can be attributed to various factors, such as variation in scale, location, pose, lighting condition, etc.
On 2001 Viola and Jones [13] have proposed a new face detection framework based on Haar features that is able to process images rapidly. Since its publication, it has received considerable attention, because it can achieve very high detection rate. An open-source implementation of the detector made by Rainer , which includes ready training data. Viola and Jones approach is primarily developed for face detection, but the algorithm is able to detect any object by using different training data. This paper focuses on the face detection task based on Viola and Jones algorithm. A new software-hardware co-design approach is investigated, which enhances the performance of the original approach and achieves real time face detection performance. A hardware accelerator is developed to perform most of the computationally intensive tasks and implements all necessary components participating in the face detection. To maintain a flexible design, this paper presents the architecture of an Evaluator core, which can be duplicated to improve the performance. Adding more cores will increase the frame-rate on the cost of more resources and possibly power consumption. The Evaluator core contains a Read Only Memory (ROM), which can be adapted to detect any object by using the respective training data. Moreover, the design can be accessed as a network service throuth the network so multiple sources and multiple face detection systems can be integrated togather to increase the overall throughput of the system and flexibility of the design.
The remainder of this paper is organized as follows. Section 2 covers the relevant background information needed in order to perform the work presented in this paper. Section 3 lists the related work that focuses on software as well as hardware solutions for the face detection task. The actual high-level design and implementation are presented in Section 4, which includes a discussion about crucial design decisions and some used techniques in order to accelerate the process. Section 5 presents the evaluation results of the system and performs a comparison with equivalent software and hardware implementations. Finally, Section 6 includes the conclusions of the paper.
Background
On 2010, Nikolay Degtyarev et al. [4] have presented some research comparing many different face detection algorithms based on the false face rejection rate, false acceptance rate and speed. It turned out that the extended realization of the Viola and Jones object detection algorithm [9] is the best open source available algorithm based on the performance and the detection rates. It is considered the first real-time object detection framework providing very good detection rates. A complete software realization of the algorithm already exists in the OpenCV library [1] . Basically the face detection algorithm tries to locate specific Haar features of human faces and consists of two phases, training and detection. This paper will only cover the implementation of the detection phase on the FPGA, since the training data can be generated off-line on a typical PC. The training data used for the detection are created by Rainer Lienhart and are located in the OpenCV library [1].
Cascade Architecture
Viola and Jones algorithm consists of many cascaded stages, which are constructed during the training phase. A stage represents a strong classifier, which
